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NASA Lewis Research Center
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James S. Svoboda

Nytm Technology Inc.
Cleveland, Ohio

The Federal Communications Commission (FCC) of the United States completed a Negotiated Rulemaking Committee in
September, 1994 to determine methods for frequency sharing of the 27.5 to 29.5 GHz spectrum between tmTeslrial Local

Mul6point DLm-itmtim Service systems and Fixed Satellite Service systems. The committee concluded that based on current
commerdally proven technology, these services could not share the same speclru_ due to expected unacceptable levels of

mutual interference. Analysis and laboratory and field tests performed by NASA's Lewis Research Center conlributed

technical data which was used to support this conclusion. NASA's results indicate levels of carrier-to-interference ratios

(CA) which m_tte perceptible degradation, the levels of Cfl which might be expected in typical operational scenarios, and
the level of reflected signals which might be found in the vicinity of transmitting FSS ground terminals.

Introduction

In April, 1994, NASA's Lewis Research Center was
requested to provide technical assistan_ to the FCC

Negotiated Rulemaking Committee (NRC) convening July

26, 1994, to consider frequency sharing of the 27.5 to 29.5

GHz band between tenesCi_ Local Multipoint Distribution

Service (LMDS) systems and Fixed SatcUite Service (FSS)

systems. This request was based on NASA Lewis's
expertise in Ka-Band satellite systems, which includes the

development and operation of the experimental Advanced
Communications Technology Satellite (ACTS), and

experience in televisim interference a_e_ment and testing,
which dates back to the late 1960's. NASA Lewis

responded by proposing several laboratory and field tests
which could be completed in time for consideration by the

C,mmttee, andbyperformin$analysesof potential carrier-
to-_ r_os (Ca) in anoperationalscen_o.

Three sets of results presented below summarize the
outcome of these tests and analyses. The operational

scemrio analyses consider several combinations of FSS end
LMDS systems and determine C/I levels which might be

expected within an LMDS operating area clue to an FSS

uplink Uansmission at the same frequency. The laboratory

tests used digitally-modulated interfetem of several

bandwidths to subjectively assess the C/I at which
interference could be perceived by television viewers. The

field testing consisted of measta'ements of the signal

reflections in the vicinity of an operating ACTS ground
terminal in order to assess the potential for interference
levels in a reflection cnvmcnt

The LMDS/FSS Interference ]_pblem

The LMDS systems being st___ed would provide a two-way

point-to-multi-point and multi-point-to-point service. The



primer7 service eavis/oned is a video distributio_ fi'om a
cenmd Imbin a cellular erch/tecture, with reUa'nlinks from
users to the central cell hub for voice, data, and video
mnfatme mvk_ 1000 MI-IZ of spectrm was proposed
far eechoftwolkensees per ram, covering 27.5-28.5 GI-Iz
snd 28.5-29.5 GHz. Each 1000 MHZ could ctmtain, for

example, 50 FM video dumaels. The LMDS video
_ syst_ inBrt#ton Beach, NY, _ by the
Suite-12Group/CeIInlarVisionofNew York, which was

opemtkmlunderm _ licm_seatthetimeofthe

NRC,_atypicaILMDS system_'2.Othersystems

TABLE I

Parameters for Three Proposed LMDS Systems

Parame_ Hub Station Subsoriber
Station

Suite 12/CellularV'_ion

Modalafitm FM Video Digital

Output Power -5 dBW/cheanel -41 to -21 dBW

Antetma Gain 12dBi 31 dBi

Bandwidth 18 MHZ 0.01 to 1 MHZ

Cell Radius 4.8 km 4.8 km

V_ane._ad_

Modulation Digitei DigiUd

OutputPower -70 to -4.8 -78 to 0 dEW
dEW/channel

Antenna Gain 29.7 dBi 38 dEi

Bandwidth 6 to 20 MI-IZ 1.5to 100 MI-IZ

Cdl RMius 0.8 km 0.8 km

Texas _ts

IModulatioa Digital, FM Video Digital

OutputPower 0to-22 0 to -32 dEW
dEW/channel

Antenna Gain 15 dEi 35 dEi

Bsadwidth 5.2 to 52 MHZ 5.2 to 52 MI-IZ

5.0kinCell Radius 5.0 km

comidaed_ atyscs includedV_me/_q_ end
Tocas lsmnmzm_ These systans inchxic aznbinsfitms of
services ind_ag _ AM, _d disit_ video, md digit_
vd_md data Ce,llrsdiusvsriesfromlessthan I kmto5

km, _ on the _ of ravin., _riber dmsity,
md tegimal dimate. TsbleIgivessome typical p_
for _:h of _ thr_ sy_m_ based on infccn_on

provided to the NRO.

FSS service links inthe 28 GHzbend studied included LEO
and GEO satellite data netwarks, such as Spaceway s,

Teledesic 4, _ Cybersta_, and ACTS, and LEO and
IVIF.Ovok_date mtwtxks such as Iridium_, and Globalst_.

Spaceway and Telcdcsic usc I_.-band links bctwcca
satellite and user. ACTS is _ operating Ka-band
links to VSAT, USAT, andhigh data rate terminals, while
Iridium, Globalstar, end other LEO systems use Ka-band
feeder links.

The two most significant somces of interference which
could exist between LMDS and FSS systems arc
interference fi'om FSS uplinks into LMDS receive_ end
interference from LMDS hubs 8nd/or subscriber
Iransm/tte_ into satellite ra_vers. The second case
involves the calculation of the aggrcsate _ of

_ thousmds OfUviDS hubs sad milliom of LMDS
subscdber_ interfmngwithLEO satellite

receiversend was analyzedby otherpmidpantsofthe
NRC. NASA Lewis'sroleinvolvedthe studyof

interferemefr_n FSS uplinksintoLMDS receivers.

SystemsrequiringonlyfeederlinksatKa-bmd require

relatively few Ka-band 8rotmd terminals, which can be
located safely away fi'cm LMDS cells. Thin, this study
considers systems such as Spaceway, Telcdcsic, taxi

Cyberstar,whichmtmdto mmmmicateatKa-band dire_
with millions of subscribers located within LMDS cells.

A_-_ahtsisof FSS Interference Into LMDS Receivers

Lewis peffoanai comput_ simulations of various
FSS/LMDS _ sce_dce in order to determine the

levels of intaferazc expakmcat by LMDS subscriber
tmninals andtheresult_t _ avsilability. (Availability
is _ hac to bethe probebility that the C/(N+I) rat/o in
the warst video channel for a rendomly located LMDS
subsm3m"meetsor exceeds a given threshold - in this case
13 dE.) The results desmbed here ere for the case of
Teledesic, Spaceway, and Cyberstar FSS terminals
interfering into CellularVision LMDS subsoribers. In
8enaal, they show _ tmacceptsblc C/I levels will exist for
a substaatial portion of LMDS cells for many cases.
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Table2 presentstheavailabilityfor thesesystemsfor
variousFSSterminalconzealx_ions.FromTable2it can
beseenthatawilabilityisdependenton both FSS terminal
den_ty sad, f_ a given FSS terminal type, the
conespond_ s_ of the "protection zone" around an
LMDS subsznl_-. (For a given set of FSS/LMDS
pa-ameters, the protection z_e defines an area around the
LMDS _ within which an FSS terminalwill cause

_.) It is possible to have a high density
of FSS terminals and still have relatively high LMDS
availabilityffthe prote_on zone aroundany single LMDS
subscn_ is small (e.g. 16 kbps TST terminal).
Conve_ely, it is possible to have a low density of FSS
terminals and yet have relatively low LMDS availability ff
the pro_on _ around an LMDS subscriber is large
(e.& TI _ te=minal). Also it can be seen that in the
case of narrowbandFSS intc_e_l_e, availability is
mongly _cted by wI_0_ C/(N+I) is computed on a "best
case" power basis or a "worstcase"power density bas_.
Depending on the degree of terminal clustering,
availabilities for the two approaches can differ up to 85%.

As would be expected, LMDS availabilities for Spaceway
end _ are much higher (near 100%) than those for
Tdedcsio under non-clustered con&t;ons since the spot
beam areas for these two systems are much larger than an
L.MDSce,ll (by a fact_ of 4590). Under realistic conditions,
bowev_, in wh_h FSS tmnin_s WIUlfl_elybe concentrated
in the same high popul_on density areas as LMDS within
m FSS spot beam(es upposed to being uniformlyrandondy
located over the retire spot beam area), LMDS
av_d,;l;ties for Spaceway and _ interfc_l's are
substantially worse than for Teledesic (e.g. 95.6% vs
99.85% for terminal eone_trations in an areathe _ of a

Teledesic spot beam).

Whea larger numtaa_ of FSS terminals associated with
multiple GEO FSS systems under 2* satellite spacing are
¢xmsidea_ LMDS availability can fall below 90%. These
results are described in more detail in the following
paragraphs.

Note that Table 2 lists the availabili_ based on two
_xoach_ for cal,_ing _¢v_r,¢. These

&._a-ibed in NRC Working Caoup 1 r_x_. h the f_
appma_ the interfmmce power T is simply the total
inteffe_ace power fairing witlfin the receive channel
handwidth B. In the case of narrowband interference, "I"is

found by simply summing the powers of the individual
_ who fall within theband. Hence, the

C/(N+I) ratiois a true power ratio. In the second approach,
the total power "I"calculated above is multiplied by the

faeax B/B_03_is tl_ _ handwidth). TI_ power ratio
C/(N+I(B_) is _ equivalent to the powea"demity ratio
CJ(No+I_) by dividing numm'at_ and denominator by B.
Notethatsh_ thafactorB/B_ is geater th_ one for
narrowband interfere_ the power deity approach is m
upper bound on the interference while the in-band power
approach is a lower bound on the int_fc_:¢.
Availabilities based on CJ(N.+I.) thin'ore represent
_ve or "worstcase" esfmates while those based on

C/fN+l) represent optimistic"bestcase"estimates.

Itaans outthatfor theTeledesic T1 case, interference from
FSS terminals in adjacentLMDS cells is negligible. This
can be explained by Figure 1 which shows the protection
zone around an I.ldDS subscriber which is being interfered
with by a TI Tdedesic VSAT. Availability is directly
related to both FSS terminal density and the size of the
protection zone aroundthe LMDS subscrt_r. The lower
the &mity and the smaller the protection z_e, the higher
the availability. (This is simply due to the fa_t that there is
less chance of an FSS terminal falling within the protection
zone of an LMDS subscriber, the smaller the proteaion
zone is and the fewer terminals there me.) Looking at
Figure 1, the only time the subscriber will suffer harmful
interference is when one or more T1 VSATs falls into the

narrowlobe _ zena Since theprotection zone does
not extend beyond the cell border, interference from
VSATs outside the cell is negligible. (It should also be
noted that the protection zone size is also a function of the
subscribers distance fi_n the hub. The size will decrease
as thesubscriber moves closer to the hub since the desired

signal power will increase and he is able to tolerate more
intetfenm_ The _on zone shown in Figure I is at its
_ size, s_nceit_sfor a subscriber on the cell border.

The relatively small protection zone and the small number
of active terminals (15) leads to the relatively high
availabilities shown in the table.

The availabilities for the narrowhand Teledcsic 16 kbps
terminal case me also relatively high despite the large
number of active terminals (1440). Again, this can be
related back to proteotion zone size. Figure 2 shows the
protection zones around an LMDS suhscrib_ which is
being interfer_ withby a 16 kbps Teledesic terminal. Note
that there are two zones shown since this represents a
nam_and _ sitaafion The lobe indicated by the
dett_ li_ _ tl_ "wa-a case" protection zo_ wh_
interference is treated ca a power 6msity basis. The very
small lobe within it represents the "best ease" protection
zone when interfereace is treated on a power basis alone.
The .diffczence in size between the two protection zones
a¢couats for the large differences in availability.
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TABLE 2, Part I

AvJdlabiiities for Tdedesic, Spaceway, and Cyberstar
FSS lntertermce into CdularVbion LMDS Subscriber

15 active
Teledesk
T1 TSTsJ

1440
adive
Teledesic

161d_
VSATs

240 active

Speceway
T1
VSATs b

clmta_

None (over 53 Ira1
x 53 km mtdlite

d)

Avaflab_ty
based on

c/_+1)

NA

b_cd on

Co/(_o+b)

99.85%

8-I.MDS oella NA 98.71%

4-L.MI_ eerie NA 97A3%

2-LMI_ oeils

None (ova 53 lan
x $3 ian Jellite
eeu)

NA

99.70%

95.10%

85.28%

16-LMDS cells 99.30% 54.97%

8-LMD$ ectls 98A8% 32.74%

4-LMI_ ceJls 96.64% 17.15%

2-LMDS ceUs

8.19%

87.28%

64-L_MI_ _ 96.63% 55A3%

24-LMDS cells* 92.17% 29.53%

16-LMDS cells 88.20% 19.54%

8-L_MI_ cells 77.79% 10.68%

4-LMI_ cells 59.10% 5.16%

35.85% 2.69%

[a]"I_mmb_ efactivetmaimlsp,rsatelliteisdetmaiaedas
fe/lov_DiningaTeledmicsatdl_spotbeamd_iltimeova asalel_
roll theupliekcm awmmodaM up to 1440 besk (16 kbps)FDMm
SinaeaTI da_ rideis 96 timmthe lamkdmnneldmtarate, 15(1440/96)
timultanamsadiveTI mmumupemiblewithina satellite_IL AI_
theTl dmarateis 1.54.4Mbl_ Teledesic'sFDMA/TDM uplinknmltiple
acornsmethodrmultsinaTlm_ burstbmdwidlhef26.$MHZ.

[b]240activeTItamimlswithinaspotbeamismiredatas
feilewL W'dhthe Sp,mwsy spet bemnbmxtwidl 120 MHZmd theT1
u_a _ 2 mlz, ez q_t hem ,_,cay per pohrizae_ pa
mdlite is 60. lathe Sp,cewaysptan th_ arefoursateUamplannedover
Neah Amnim- N_ I and 2at 101"WandNm. 3 --a 4 at 99"W. N_.
1 and 3 providecx_veralpoverthe 29.5-30.0 GHzbad whichisoutside
LMI_. Nol. 2 mcl4 pro_kkoved_u_ _ bemncoverqpova"_
29.0-292; Gltz lind. whileNee. I aad 2 prevideove_ 120MI-IZ
,t_t Imm oov_ m mea,mml _att, rpohaimim Hm_ upto 24e
TI terminalscm be sh_ active withinthe samespetbeam.

Tcrminal

T3q_c/No.

480 active

384J_5_
VSATs C77
cm

2,t_i_ t'ss
Systans. 26
Spaceway-
typesymms
withatotal

of 312OFSS
tennin_s

TABLE 2, Part 2

A_
b_mi_

99.87%

A_
Imwdm

64.47%

64-LMDS ceils 95.58% 23.70%

24-LMl_ cells 89.37% 10.04%

16-_ cells 83.37% 6.57%

8-LMDS ecib 69.90% 3.32%

4-_ cells 48.19% 1.66%

2J.,MDS cells 27.26% 0.66%

None (_ rand-

celylocatedova"1"
_x,tbmm=m)

Taminals eoncav
tratcdinI0SMAs or

240LMI_ cenmea'.

99.55% 93.42%

89.25% 16.15%

[¢] Thiscammmatim ;- baud oa tlaeavwqe aumberet"8MA_
(.*_ _am)withiaa l" spatbeam. The_mrea_
mS)_iJqqxminmdyequdto24Lm)S ,:elb (r7371m_). 2.5OSMAJ
h CX)_t_ md 241. q_t bemmmvain8 COI_'S yidd m 8verqp et"10
Sl,,_ pro'spot5ram. 'l"15us,240 ac_ S_ m'_am_ So5e
mncmm_edinm m equalto 10SMAsor10x 24 - 240LM]_ oe_b.

[d] "ruisau,u_i_ _,mpm_ _oa_uminS a_ _ mm
areaequivaiat to s Teledmk satellitespet beam(.53x$3kin).

(el -t_ chatai_ maupoeds*o _ _ taut_ iam
areaatuivaknt to m _ size SMA(1737 kn_, or41.7 x 4L7 km).

mva-ingCONUS.Aiui_ _d thw_ EKh JpetbmmiJ mmthay 2
owd,pt_e,pa bmm opn_m orthozmaictrcuta"_ owr
separ_ _20_ portiom,_he q_c _ trod, 3_ddinS240
MHZofuplinktmsiwiddt overmchq_tbemapopaphicarm. With
each 384 kl_ um requirinS_0 kHz _tmxtwidth, 480 stmuttana_
active_ tmmmls m lXma_iewahia the _me spetban

[g]3120a_tiveTI _y4ype) tmaia_ withinthesine q_t
be.amis anived at as follows. Thespetbmm mp,,_ fers siagle
Sptcewa_.typesp_msais _20T1_ Hishpopulatimdm,ay
areasoa tbc Eastcorotof the U. S. canme p_ satdlitmalong
the _" W - 110"Wmc wah >30"devationanSk AJmine 2"q0ecing
sloq this me. 26 mtdlae pmitiom a_e pmm'bl_ I_S_
_mmuaicafin8 wi_hth_ meflit_ m abicto i_ loa_l ia the_ae
i_k m= mi _ e_ mm q_t_m byviaue_the 2"q_aS
mdPSS teaninala_tama d6saimhmlim. ThisyieMsatotale_'26 x 120
_ 3120smshmemly active TI taminals withinthe same1"spotbeam.
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LMDS Pmunet_ for Fimnm 1.4:
EIubFARP: 10.8dBW 8ub. Rec_PcakAnt. Gaig 31.0dBi
Chamad BW: 18.0 MHZ Tham_ Noise Pow_. -125.4 dBW
_Radim: 4.83km(3milgs) R_C, mt/_Pow_. -93.56¢!BW

TdeSbak TI TST Parametam fer ]lgure 1:
TrmmitPow_. 0.85dBW SignMBW: 26.SMHZ(TDMA)
XmitAnLGtin: 36.0dBi Skqelobe_ -38.2dB
XmitAutS_: _¢m A,mmai_.vatkm_#: 40desm=

i

- it 3 •

x-.era dmmc¢ ft_)

-- Iispowerw/thm ZgMHz

-- C._ bceah_

Figure 1 - Protectien zones for a CellularVhion
subscriber receiver being interfered with by a T1
Teledesic TST VSAT.

Max. Allowed I in Channel BW: -106.62 dBW

_L'_beNtar 70 an 384 kb V&AT Paramete_ for 3:
Ti'ammitPowa': O.OdB_ • S!gna]BW: 500_MAU/L)
Xm/tAnt. Gain: 44.5dBi SideteizDiscrhntmtio_ .47.7dB
Xmit Ant Size: "I0an AmamaEkvatieam_te: 30degre_

i I I i ' l I I I

i

--5 -4 "3 -2 -t 0 I 2 ] •

_.tm dmmm 0m)

-- I be.u_ on power done

-- I bssed on power da_ty

--CeU_

Figure 3 - Preteetion zones for a CellularVision
subscriber receiver being interfered with by Cybentar
70 ©m 384 i_p8 VSAT.

Telededc 16 _ TST Pm-ameten for l_ure 2:
Tramm_ Pow_. -I9 dBW Sigmd BW: 225 kHz ('I'DMA,)
XmitAnt, Cm_ 36.0dBi SidelebeDisaimim_o_ o38.2dB
x_ 40deg_

t AntSize: 27cm AntanmElevationa_gle:

o ============================

-2

-4

T I I

"S "t -4 "3 -2 -I o 1 2 3 4

a-m_ dm_)

-- I baml ou pow_ -_ooc

-- i i_ _ _. ,_.,_ty

T1 VSAT PtrsmeterJ for Flffare 4:
"Power:. 0,SdBW SignalBW: I.O_MHZ(FDMA)

Xmit Am, Gain: 44.2 dBi Sideiobe _ .47.1 dB
3( dqr_

-5 "+4 _ '_ -I O ! 2 3 4

x*4umdblmm {kin)

-- I b4Lsed ca power ,done

-- i i_io. 1.3_ dcmity

-- c_+._ b<mmd_

Figure 2 - Protection zones for t CelinlarVbion
subscriber receiver being interfered with by a 16 kbps
Teledesk TST VSAT.

Figure 4 - Protection zone8 for a CelinlarVbion
subscriber receiver being interfered with by a TI
Spaceway VSAT.
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_iti_ f_r _ and Cybers_ _ _y lis_ for
clusteredsituatiomsincetheiravailabilities under non-
_ _ are n_r I00_ when a _ rand¢_

distn1_ion of FSS Izmmmitters md LMDS receivers is

msumed_ tl_ FSS spot be_n axc_ This is due to
the largesizeof the FSS spot beam _npared to the
LMDS ¢dl _e_ Suah in assumption, however, is not very

realisticsincethe high trafficdensityfarboth FSS sad

LMDS servi_s will likely occur in the same, more highly

populated areas within the FSS spot beam. For example,
when FSS taminal _ons over an area equivalent

to 10 SMAs (Stafisticad M_opolitan Areas) are
considered, best case availabilities ere 99.19°,6 for

Spaceway interference and 98.87% for _ tmninal
in_. For clustering over an area equivalmt to a
Teledesic satellite cell (i.e. 64 LMDS ceils), it cen be seen
that LMDS availabilities ere significently worse for

S_ md Cyberstar eum Te_tesic. This is true despite
the fiu:t that there are far few_ Spaceway terminals (240)
of C'yberstar terminals (480) than, for example, Teledesic
narrowband terminals (1440). The best availability for

is only 95.58% while that for Teledesic (16 kbps)

is 99.7% even though there are 3 times as many Teledesic

m_=ing temhms.Agm, th_is duetothe_Ierence in
protectictt zones for the two types of terminals. Figure 3

shows the protection zones around the LMDS subscriber
when be is being _ with by a 384 td,ps Cyben_
terminal. The dotted line is the worst case protection zone

(seen to extend beyond the cell boundary) while the solid

line is the best case _on zone. Even this best case

protection zone, however, is much large, than the one for
Teledesic. I-kme, evea thongh there ere far fewer terminals

in the CyberstK came, the probability that at least one will
fall within an LMDS subscriber's protection zone is much

larger. This leads to the lower av_lability.

Figure 4 sbows _ prote_on zoos for tbe case of

S_ T1 inte=_ercm_. Note that the protection zone
sizes are abont the same as those for _. "I'l_ f_t

that there are _ half as many _ (240 vs 480)

leads to somewhat higher availabilities.

The last enlries in the teble ezc for the case of FSS terminals

uplinkin 8 to multiple FSS satellites spaced 2 ° apart in the

geostationaty m'c. For example, high population density
regions on the East coast of the U.S. are able to see

geostatie_u 7 satellites along an arc of 57"W - 110*W

lmgitudc with better than a 30* elevation engle. With a 2 °

spacing along this src,26 satellite positions are possible.
The availabilities in tbe table assmne that the FSS terminals

communicating with these satellites have charactez_'cs

similar to those of the Spaceway system and are uniformly

ramkm_ located throughout a common 1° spot beam

geographic area. Ammming that the spot beam bendwidth
for each system is 120 MHZ (on esdt of two otthogmud
polefizatiom) and that the uplink acoess for ew.h temm is
FDMA, the upt_k cap_ Per _Uite per spot bern is
approximately 120 TI _ (2 MHZ per T1 user). This
leads to a total of 3120 m_ul_ _ive T1 use_ f_

all 25 satellites. Under _e best cese assumpti_ that these

terminals ere uniformly _ located ,vet the entire 1°

spot beam area (about 332000 kin=), the LMDS availability
is abont 99.5%. If it is assumed that th_ are concentmed

in an Kea equivalmt to 10 SMAs (equivalent to 240 LMDS

cells), then the availability drops to 89.25%.

The simulation results the_ore are consistmt with what

one would expect when both FSS terminal den_ty and

protection za_ size are considere_ In cases where the
protection zone does not extend beyond the LMDS ceil

bord_, lh_ imp_ ofKlja¢_t _A1 _ is negligible.
The results also indicate that even under best case

conditions (i.e. use of the lower bound on interference), a
moderate concentration of FSS terminals can yield

unacceptable availability to LMDS.

Tahot_trwv Test ofInteffe_nce Perceofibilitv

Previous studies performed by NASA Lewis and others

have indicated C/I levels which allow acceptable television

quafity t,m.n. These have included FM, AM, end digital
video systetm. In Smeral, these and other studies have

emphasized _ _, whe_ the bandwidth of
the interfere"is considm_ly largerthan the c,m'ier

bandv6d_ However, in anumber of the proposed satellite

systems being studied here, the trm=mitted sig_! which

may interfeze with an LMDS receiver may be of a

bandwidth comparable to or smaller than the desired video

sisnalbandwidth(¢.g, 18MHzforFM ). In some propos_l
satellite systems (such as Spaceway), the potentially
interfering signals may be continuous T 1 rate signals in an

FDM _, QPSK modulated for a signal bandwidth

of 1.5 MHz In other systems they may be bursted signals
of various inf_aation data rates in an FDM/TDMA

architecture, spread over a wide_ bandwidfi_, such as 26.5
MHz for Teledesic, or 27.5 MHz for ACTS.

In the case of wideband interference, the interfering

specUumis di_buted fairly eveuly across the video signal
spectrum, resulting in interference which behaves like
wideband noise. For smaller bandwidth interfetetme, the

spectral _ of the inte_erer c_uscs a variation in
inteffmence levels relative to the video signal b_md (in most

cases power is concentrated at the center of the interferer



sp_nma) _md the effe_ of the _ becon_ a
function of the rdmive f_equencies of the interfercr and
desired video signal. Narmwbm_i intefferers _pro_h the
bdmvior _a CW inte_'er, affecting cert_u aspects of the
video signal, inch as a particularcolor. In inch cases the
pen_p/ibitity ofinterfe_ce varies w/th the C/I depending
on where in the video spectmm the interference exists.

The reason fcr investigating these details further is that
previous stmdsrds used to develop protection ratios for
video Wmsmission are inadequate for the FSS/LMDS case.
The interfe_mce problem may include several satellite
systems, trsnsmitting some time-varying combination of
nm'owbmd FDM and wider bandwidth TDM signals. To
deal with the complexity of the problem, at least for the
purposes of the FCC Negotiated Rulemaking Committee,
the interfe_oe problem is considered in terms of total
catrri_ power to total interferer power ratios. Protection
ratios developed for widebmd interference, which assume
a unffmn _ distribution across the desired signal
bmdwidth, may underestimate the effects of interference in
which spectral shape co_emrates interferer power at a
significamtly hisher power level On the other hand, an
assumpfm of a continuous interferer may overestimate the
effects of a TDMA bursted type of interferer.

A lab<ratc_ investisation was undertaken at NASA Lewis
to investigate more closely the C/I levels which cause
perceptible in.terence to an FM video signal for the
nm'owband interference case. A Ka-band satellite system
tesflxxi,partof NASA's Advanced Space Communicalions

7mintl_Wb_A

J

T,Jst Poinl B

Figure 5 - Simplified block diagram of interference
percept/bility test setup.

Laboratory, was modified to provide test at_ interference
signais at 28 GHz, allowing the use of a _ LMDS.
subsm'ber receiver in the test A simplified block d/agrsm
of the test setup is shown in Fig. 5.

Thediagram shows how two independe-t test signals were
generated; o_e is the desired FM-modulated video test
sigoal md theo0_er is the interferer. The video test sources
masi.s_ of avideo test signal generator and video cassette
recorder and provided either standard video test patterns,
still images, or motion video. The interfermce sources
consisted of a 27.5 Mbps MSK modulator, operated in
either mntinuous or TDMA mode at selectable burst rates,
or up to three independent QPSK T1-rate modulators, with
pseudorm&m disital datainput. A variable local oscillator
in the upconve_x section allowed the desired and
interfering signals to be vmed in frequency. After system
checkout and calibration, the desired sigoal center
frequencywas fixed at 27.68 GI-Izand the intefferers were
variedin frequency relmive to the desired signal. Variable
attenmat¢_allowedtherelative power levels ofthedesired

and interfering signals to be adjusted to obtain a range of
C/I, and to vary the input to the LNA to adjust the receivex
c_rier-to-noise ratio (C/N).

The perceptib/I/ty of interference was assessed by expert
viewers performing subjective testing in a prooedure similar
to the FCC's Advanced Televisica Test Procedures for

subjective testing'3(consa'aintsontimeandthenmnberof

available expert viewers made exact compliance with the
FCC procedures infeasible). Each test ccmis_ of a
particularreceiver C/N, intefferer freqmm_,andraage of
C/I. The C/I was varied starting above pcxcepfibility and
&crmsed umilthe inm'ference co the video test signal was
perceived by the viewers, then increased from a point well
belowperceptibility until the interference was no longer
perceiver The process was repeated and resulting Cfl
averagedto obtain the perceptibility threshold. The results
of the testing are sammariz_ in Figs. 6-8.

Fig. 6 shows the results of testing using the 27.5 Mbps
modulation interference. Far& point tm the plot indicates
the_ C/Ilevel at whi_ interference was pere_ved
by the expert viewers as a fuaction of the interferer camter
frequency offset relative to the video signal center. Three
sets of dataare plotted. Iu one,theinterfering signal was a
continuous27.5Mbps signalInthesecond,the27.5Mbps
signal was bursted at a rate equivalent to 4 T1 signals (4 x

1.544 =6.176Mbps, cr 22.5% dutycycle). Inthe third, the
27.5 Mbps signal was butsted at a rate equivalent to one T1
signal (1.544Mbps, or 5.6% duty cycle). For the bursted
cases, the C/I was based upon a measurement of the peak
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Ihree conthmom Tl-rste QPSK-modulated interferen
ud receiver C/N8 of IS and 31 dB.

ix)wet, ratha"thantbe aventge power, of the _. For
all umes, the receiver C/N wu 31 dB.

The rmultsshow that the C/I pau_tibility thrmhoid vines
as me iutufmng specuem is moved a=ces the video sigxud
sp_nm_ vnth_ hisUm cJ[ a_O_ miO_ of me
spo_ T_ spcc_nasha_of_ h_afe_, w_ power
_ at the ceatczof the _ incrmsm this
_lt"ect comparedto widcband_ ;n which me
intcrt"e_ powe_is _ssm_d flat _'oss ¢1_desim_sig_
band. Fe_ example, if a fiat bream= spectrumwere

(with 41 _ bandwidth), the difference;-
puo_i]i_y bmw_ _ 0 _Xz and20MHz,ma poims
would be about 3 d_; me mcasurem¢_usingthe 27.5
Mbps spectrumyielded a diffa-e_e of about 17 dB. The
data also indicates a significant _ in pe_epU_oility
between the amfinu(ms and bursted inteffe_nce. 'rhc4 x
TI bursted interfermce is perceived at C/l's of 5-10 dB
lower thanme cominumminasmuch; tbe averaS_pow_
ofthe4xT1 interfe_isabout6dB lowm'. TheT1 bursted
interfm_nce, anotl_ 6 dB lower in average power, is
perceived at c/rs of 2.4 dB lowe_ than the 4 x TI case.

The_ QPSK-modulated T1 c_tseis shown in Fig.
7. In this came,tbe imerferer bruin'width(main _
lobe) is 1.544 MI-Iz, less than 10% of the video signal
tmndwidt_ The _ of this case is the varisbility in
pe_pu_i]itythrcst_ u a function ofimed_crcr freque.cy
offset. With the intexfeferpower o3n_entrated in a nm'row
bandwidth, the interference can be perceived at C/I's as
hish as 25 dB or as low as 8 dB, within the 18 MHz video
signal bandwidtl_ In a shared FSS-LMDS band, the
protection ratiosmustbe based upon the wc_t case for
nmmwbandiuterfe_ence. Note by a)mparison withFig. 6,
whae me ma_mun percel_le C/I is about20 dB, that the
requ_d inmease in prote_on ratios will be 5 dB or more.

In Fig. 8, three _ QPSK-modulated TI s_nals,
toc_inadjacentchanneb(2.5MI-]zspacinS),a_etemd,
attwo receiver C/_s. The 15 dB C/N represmts a C/N at
the edge of emLMDS cell (thereis a range of cell-edge
C/_s for different proposed LMDS systems of about 13 to
19 dB). The data shows that at the lowe_ C/N, the C/I for
inteffefe_ perceptibility is 0 to 6 dB higher, interference
is more easily perceived at the cell edge where operating
C/N is 1ow¢¢.This is anotherfactor which must be takm

into a_ount in detmnini_ protecti_ ratios.

The effect of multiple T1 FDM sisnalsexistin8withina
s_,_ FMv_eo_u_d_ c_mbescea_ycompmngFiss.
7 and& Tbe C/I is meastued using total interfev= power,
where me three TI signals are measured together as one

8
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]F_nu_ 9 - Distrgbul_a _['fieid test points relative to the
]NI]EX antenna gad NASA Lewis physical structures.

interfere. In spreading out the interferer power over three
T1 bandwidths, the maximum C/I for perceptibility
decreases by about 3 dB, but the variation across the band
changes such that C/I varies up to about± 6 dB.

The hbotato_ perceptibility test results established the
increased sensitivity of the Flvl video signal to nsrrowband
interference compared to wideband interference. Signal
power concentrated at the center of an iuterfeaerspecUxun
results in higher interference protection ratio requirements.
In particular, very narrowband interferers can significantly
increase the protection ratio requirement because some
portions of the FM video spectrum are more sensitive to
interferencein terms of perceptibility. The threshold C/I's
measured are in many cases higher than the 13 dB
protection ratio assumed for the analysis above, hence, the
LMDS availability may be even lower than calculate&

Field Tests of the 28 GHz Reflection Environment

The only currently operational Ka-band satellite in the
Western Hemisphere is NASA's ACTS. With the ACTS
control center and several operations1 Ka-band ground
t,_rminalsatNASA Lewis, it was possible to obtain a set of
field mea.mrements of the signal reflection environment in
the vicinity of a Ka-Band terminal.

The imlxa'taxa_ of the signal reflection mvimnment is
twofold. First, LMDS systems implemented in urban
m_ may exixa'ienceblockages in the line-of-sight
fi_n the ceil hub to the LMDS subscriber. The existence

of reflected signals will offer alternative paths for LMDS
receivers. Second, the analysis OfFSS-LMDS intedermce
has taken into ac_ouat only line-of-sight radiation from the
FSS antenna to LMDS receivers. However, the existence
af si_ reflec_ signals eaxnplicates this analysis and
makes it possible that sign/fie,ant inte_orence will exist oa
other than line-of-sight paths. The p_ of the NASA
Lewis field tests was to verify qualitatively that the
reflection environment suppoos these assumptions.

The Ka-band ground terminal chosen for these tests was
NASA's INTEX Ka-band Experiment Terminsl. Fig. 9
shows the terminal location and surrounding physical
anxm'es (shown as oross-hatched boxes). The location of
13tes(tx/mts is shown, on lines radiating from the antenna
at angtesdo', 30,45 o, and 90" from the antenns bor_ght
axis, and at distances of 200, 400, 500, 550, 1000, and
1500 feet from the antenna. Test point locations were
constrained by the physical environment. The INTEX
terminal is designed for high data rate (up 300 Mbps)
conmamie_tionswith ACTS, transmitting 40 WatIs through
a 2.44 meterparabolic reflector antenna. The boresight
EIRP is 68.2 dBW. The antenna is at ground level and
ix_lined at 31.8", transmitting a vertically polarized signal.

Field measurements were made with the D4TEX terminal

transmitting a CW signal at 29.2 OI-Iz (the ACTS.
operational band is 29.1-30.0 GHz). The received power
was measured with three different receive antennas. A

NASA-developed 16 X 16 element planar array (23 dB
gain) and a standardpyramidal horn (24.7 dB gain) were
usedforalltests.Lateinthetestingperiodathirdantenna,

a 32 x 32 element planar array(22 dB gain), developed by
theEndg_ Corp. as an LMDS antenm _, became
available. The Endgate antenna was tested at Points 1, 2,
and 3. A spectrum analyzer served as the receiver.

At each test point, measta'ements were made in six
direOic_xs:pointingdirectlyat the nqTEX antenua along the
linemnnecting the test point and the antem_ and at ,45",
±90 _, and 180 from this line (4_5 and +90 indizate
clockwise rotation). Measurements were made with the
receive antenna polarization oriented both vertically and
horizontally. The receive antenna was swept through
elevation angles of 0_ to 30 and the maximum signal
observedwasrecorded. Fordirectpointing tbemaximum
signal was observed at elevation angles of 0° to 5°, but for
reflectedsignals the maximum couldbefound at elevation
angles up to 30°. The results arc list_l in Tables 3-6.

Thedatapres_ted below indicates a complex interference
environment Consideriag the INTEX antenna size and

9



U'ansmitfrequency, the far field cenbe _to be
>3700 feet, thus all of the measured points are within the
near field of the INTEX antenna. The nero" field varies

significm_in _ty u with distance. For example, note
inTablc3 that the received power (0" direction) eta
distanceof400feetisuptoI0 dB higher than at 200 feet.
The tranm_ mmma sidelobes are depolarized, restdting in

sisnific_ variation in received power between
aadvertical polarizationsatvariouspoints. The reflective
structm_ in the vicinity of the sntenm furthercomplicate

the picUue.

Significantreceived power levels _ measured at

distancesupto1500 _et, endat an angles fi'cm the INTEX
bomsig axis.Thepresenceofreflecting results
insignificantreceivedsigimlpower,regardlessofthe
direc_minwhichthereceiveantennaispointed,indicating

a very rich end complex reflection cnvironmc_ Two
meamremmt points worth noting 8re points 12 and 13, both

_which are completely blocked from a line-of-sight to the

INTEX entmmL Point 12 has obvious reflective paths

which allow received powerto be mea.mred in all d/rections
(seeFig 9). At point 13, where no obvious reflective paths
exist, no received signal was observecL

Table 3, Part 1- Measurementa along the
- Received Power

r

 ointl]:  [ (II2OOn [ (214oo 

Polarization V S ] V I S
i i

V [ H

O" Lewis -58 -56 -55 -48 -61 -50

Hem -59 "52 -50 -40 -59 -47

Eadgate -44 -64 -55 -48 -63 -52

+45* Lewis -66 -66 -67 -67 -68 -63
Horn -75 -64 -78 -59 -82 -68

Endgate -69 -57 -58 -66 -68 -75

-45 ° Lewis .63 -52 -64 -61 -65 .49

Horn -84 -74 -74 -66 -87 -74

Eadgate -61 -66 -58 -60 -61 -66

+90" Lewis -70 -56 -67 -57 -70 -60
Ham -82 -67 -82 -70 -85 -73

-58 -64 -64 -61 -70 -66

-90" Lewis -68 -61 -67 -66 -72 -71
Horn -82 -81 -80 -70 -88 -76

Eadgate -63 -61 -64 -62 -68 -68

180" Lewis -76 -68 -78 -78 -78 -81

Horn -50 -68 -80 -80 -91 -85

Eadgale -75 -78 -71 -71 -79 -75

Part 2

[Point] Distance [4] 1000 R [ [5] 1500 R

Polarization V I H V [ H

i 0* Lew_ Army .68 -65 -88 -82
Horn -65 -55 -79 -77

+45' _ -71 -71 -89 "88
Ham -90 -74 -95 -92

-45* L_via Array -71 -94 -89 -90
Horn -91 -76 -93 -88

+90" Lewis Array -72 -63 -89 -89
Ham -95 -81 -92 -93

-90" Lewis Array -76 -69 -90 -85

Ham -94 -83 -91 -85

180" Lewis Army -87 -76 -91 -88
Ham -91 -83 -89 -87

Table 4- Measurements 30 ° from the IIqTEX

I I

[Point]Dimnae [6] 200 I 40o I [8]5oo
l i

Polarization V [ H [ V [ H I V J S

0' Lewis -55 -45 -62 -67 -80 -77

Ham -54 -44 -52 -46 -84 -70

+45" Lewis -65 -62 -70 -66 -82 -79
Hom -78 -65 -74 -69 -86 -76

-45 ° Lewis -65 -66 -70 -70 -80 -79

Horn -83 -67 -84 -71 -73 -78

+90" Lewis -72 -69 -76 -71 -86 -84

Ham -82 -74 -83 -77 -88 -84

-90" Lewis -67 -67 -72 _2 -85 _7

Horn _6 -70 -89 _6 -90 -87

180 ° Lewis -77 -77 _5 -81 -82 _7

Horn -80 _3 -72 _8 -80 -74

Althoughno c,xnprcZensivequantitativeanalysiswas
sttempted, the data provided a qualitative vedficafion of the

reflectkm an_ in the vicinity of an FSS antenna in
the 28 GHz band. This indicates that some interferm_

problems for LMDS receivers beyond what is indicated by
a line-of-sight analysis will likely occur. It also indioat_
the possibility of LMDS receivers operating successfully

using indirect reflective paths in urban environmeats.

10



Table 5- Measurements 45" from the INTEX References

[dBm]
i

[Point] Distaaoe [10] 20O it

Po .on V I H IV I H IV I H
.,, -+9-70-87 -87

Horn -48 -45 454 -64 -86 -81

+45" Lewis -66 -66 -78 -80 -88 -85
Horn -80 -70 -79 -76 -87 -82

-45* Lewis -63 -57 -80 -78 -91 -83
Horn -71 -69 -78 -76 -92 -90

i+90 ° Lewis -68 -61 -81 -78 -89 -89
Horn -76 -75 -88 -81 -85 -84

:-90* Lewis -74 -62 -79 -81 -91 -89
Horn -74 -70 -76 -79 -93 -92

180° Lewis -68 -61 -81 -78 -89 -89
Horn -76 -75 -88 -81 -85 -84

[11140o tt [12] 550a

Table 6 - MeaJurements 90" from INTEX BoreJight

Point 147 Dhtance 200 ft. - Received Power [dBm]

0 ° +45 -45° +900 -90 ° 180 °

H Lewis
Horn

[v Lewis

Horn

-63 -78 -83 -80 -76 -82

-57 -81 -75 -87 -78 -69

-60 -79 -70 -74 -76 -81

-55 -82 -73 -84 -77 -75

.

3.

4.

5.

6.

.

.

9.

10.

The analyses and test results presented indicate that
significant potential interference from FSS uplinks into 11.

LMDS receivers will h]cely exist if the two systems c_share
the same fmquemy spectru_ The analyses indicate that in

most cases LMDS system availability will be at

_ly low levels. Latrrat_ interference tests show
that for narrowband types of interference, the 13 dB C/I 12.

protection ratio used in the analyses may be too low to
allow acceptable television viewing, a higher protection

ratio will further decreaseLMDS system availability. Field

tests _ that the expec_ reflection environment in the
vicinity of an FSS uplink terminal will likely expand the 13.

area ofumcceptable interference levels beyond that shown

by the analyses. The NRC concluded, based in part on
these results, that co-fxequency sharing of the 28 GHz band 14.

between FSS and LMDS sysems was not possible.
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